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The environmental quality of the Jacu´ ıpe River’s estuary (very important in northeastern Brazil) was assessed during 2007 and
2008. In water, concentrations (mg L−1)o fN O 2
− (<0.004 to 0.016), NO3
− (0.01 to 0.33), soluble PO4
3− (<0.02 to 0.22), dissolved
oxygen(3.9to9.6),totalcontents(mgL−1)ofCd(<0.001),Cu(<0.01),Pb(<0.01),andZn(<0.1),pH(5.60to8.00),andelectrical
conductivity (0.12 to 48.60mS cm−1) agreed with environmental standards. In sediments, clay and total organic matter (%, m/m)
varied, respectively, from 8.8 to 12.0 and from 1.1 to 8.8, while infrared, thermogravimetric proﬁle, electronic micrograph, as well
as X-Ray analyses showed desirable adsorptive characteristics. However, maximum exchangeable levels (mg kg−1) of Cd (1.3), Cu
(44.6), Pb (35.7), and Zn (43.7) and their respective maximum pseudototal concentrations (mg kg−1): 19.4, 95.1, 68.2, and 30.3
were below the recommended limits. In this sense, it was possible to demonstrate good environmental preservation even with the
growing number of industries and touristic activities in the evaluated estuarine area.
1.Introduction
Almost 12% of the total fresh water of the planet is in
Brazil, and preservation of this huge hydric variety is one
of the greatest environmental challenges for this country.
In Brazil, Bahia State stands out not only due to its size
(564.692.67km2), but also because of the presence of im
portant and numerous rivers, besides being the state that has
the largest seashore in Brazil, with 1,183 kilometres in total.
In the aquatic ecosystem ensemble present in Bahia, the
estuaries deserve special attention because of their impor-
tance for the procreation of several marine organisms and
their natural susceptibility to environmental disequilibrium
[1]. Moreover, the tropical estuarine areas are formed by
mangroves, which are one the most complex, productive,
and fragile ecosystems of the planet. Along the whole of
Bahia’s coastline extension, the north region seems especially
vulnerableduetothepresenceofoneofthebiggestindustrial2 The Scientiﬁc World Journal
complexes in Latin America, and because of the population
from the Salvador metropolitan area, with more than three
million people.
Inthissense,Bahia’snorthcoastneedsconstantmonitor-
ing for hydric quality, with especial attention for the Jacu´ ıpe
River’s estuary. This river has an extension of 141km and
its mouth is located in Camac ¸ari, near an industrial area
where there are several industries, from car manufacture
to pharmaceutical factories. Prior to its mouth, the Jacu´ ıpe
River runs across agricultural areas. In spite of the ecological
importance of the Jacu´ ıpe River’s estuary and its intense use,
the last large-scale investigation regarding environmental
conditions in this area was carried out in 1989 [2], an 18-
year gap regarding the present work. It must be emphasized
that this period without research related to hydric quality of
the Jacu´ ıpe River’s estuary corresponded to an accelerated
growth in tourism in the area.
Thus, this manuscript aims to ﬁll the lack of information
about the preservation of an area of huge importance for
Bahia, ecologically, economically, and socioenvironmentally.
In this sense, analyses of water and sediments were carried
out,inthatthewateranalysisreferredtothetotalamountsof
Cd, Cu, Pb, Zn (in some samples), as well as levels of NO3
−,
NO2
−, and soluble PO4
3−. Additionally, pH, temperature,
electrical conductivity, and dissolved oxygen measurements
were carried out. Sediments were analysed regarding the
exchangeable and pseudototal (in some samples) amounts
of Cd, Cu, Pb, and Zn, total percentages of organic matter,
granulometric composition, and morphology, as well as
infrared, thermogravimetric, and X-ray diﬀraction analyses.
Metal selection was based on use and/or toxicity criteria,
especially for cadmium and lead, which do not show any
essentiality for animals or vegetables [1, 3–6].
2. Experimental
2.1. Description of the Area. Figure 1 contains a general
description of the areas researched, as well as the localisation
of the ﬁve sampling points for water and sediments. These
points are related to locations along the Jacu´ ıpe River from
its mouth (approximate distance of 5km from the ﬁrst
to ﬁfth point). During the sampling periods (in 2007 and
2008), the two ﬁrst points (strong oceanic inﬂuence and
around areas of aquatic sports) had little vegetation. Point
3 was located beneath a bridge with heavy vehicle traﬃc
and around residential and commercial settlements, while
points 4 and 5 were located in areas with dense mangrove
vegetation. The entire estuary zone is within the boundaries
of the Capivara environmental protected area, limited by
the Jacu´ ıpe River in the north and by the Atlantic Ocean
to the east; there is a state-owned highway to the west, with
heavy traﬃc, and an inorganic chemical products factory in
the south. Additionally, the Camac ¸ari industrial complex is
located 22km from the described region.
Theresearchedestuaryareahasahumid tropicalweather
with average annual temperatures near 25◦C and rainfall
levels of up to 1500mm. In hydrological terms, the Jacu´ ıpe
River average ﬂux is of 21.8m3 s−1 at its mouth, controlled
by the Santa Maria dam 40km away, and inﬂuenced
by the Capivara Pequeno and Capivara Grande aﬄuents,
downstream of the dam [7].
The most common soils found at the Jacu´ ıpe River’s
mouth are characterised by the translocation of sesquioxides
of aluminum and iron, phyllosilicate clays, besides organic
matter. The profusion of this kind of soil in Camac ¸ariagrees
with the existence of large quantities of sandstones, a type of
sedimentary rock [8].
3. Reactants andEquipments
All the reactants used in the experiments were of analytical
degree, Merck brand (Germany), or Vetec (Brazil). The
preparationofsolutionswascarriedoutwithultrapurewater
(0.05μScm −1) from a Gehaka brand (Brazil) puriﬁer. Stock
solutions of metals (Cd, Cu, Pb, and Zn) at 1,000mgL−1
were obtained from Qhemis (Brazil) with certiﬁcates of
traceability.
Temperature, pH, electrical conductivity, and dissolved
oxygen measurements were conducted with portable probes
from the following manufacturers and models, respectively:
Phtek (Brazil) pH-100, Phtek (Brazil) CD-203, and Lutron
(USA) DO-5510. A table of horizontal agitation Nova ´ Etica
(Brazil), model 109, was used to extract the exchangeable
levels of Cd, Cu, Pb, and Zn from the sediments. Pseudototal
extractions of sediments and total decompositions of water
samples were carried out with a digestion block Marconi
(Brazil), model MA-4025.
Determination of total amounts of the metallic species
in water and exchangeable amounts in sediments were
completed by inductively coupled plasma optical emission
spectrometry (ICP OES), with Varian brand (Australia)
equipment, model Vista-RL. The wavelengths employed for
the Cd, Cu, Pb, and Zn were 214.439, 327.395, 220.353, and
213.857nm, respectively. The optical emission spectrometer
was operated with measurement power of 1300W and
40MHz of radiofrequency. Calibrations were carried out on
a daily basis, from successive dilutions of a standard mixed
solution at 1.000mgL−1.
The ﬂame atomic absorption spectrometry (FAAS) was
employed for quantifying the pseudototal amounts of Cd,
Cu, Pb, and Zn in the sediments, using a Varian (Australia)
spectrometer, model SpectrAA 220. In all the analyses, an
air-acetylene ﬂame was used; wavelengths for Cd, Cu, Pb,
and Zn were 214.438, 324.754, 220.353, and 213.856nm,
respectively. Standard solutions at 1.000mgL−1 were used
for the daily preparation of calibration curves.
X-ray analysis of sediment samples were performed by
means of a Rigaku (Japan) diﬀractometer, model X’Pert Pro
PW3040/60,whileaJeolelectronmicroscope(Japan),model
JSM-6610LV, was employed for obtaining micrographs of
the sediment particles. The thermogravimetric proﬁle of the
sediment was obtained with a TA Instruments Universal
V2.3C thermogravimetric analyzer (USA), while a Perkin-
Elmer Spectrum 100 infrared spectrometer (USA) was used
for identifying functional groups in the sediment.
3.1. Sampling Procedures. Water and sediment samples were
collected at the ﬁve points shown in Figure 1 and, for thisThe Scientiﬁc World Journal 3
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Figure 1: Description of the investigated area with sampling points.
purpose, the Civil Defense of Camac ¸ari provided a boat.
The sampling periods were deﬁned according to the tide
table, always prioritising the ebb tide periods. For water, 13
sampling campaigns were carried out, while 8 campaigns
were conducted for sediments (Table 1).
Water samples were collected from the surface, and at
a depth of 4m by immersing polyethylene bottles. A Bailer
type collector was used speciﬁcally for the deep samples.
All the collectors were previously decontaminated using a
solution of HCl 10%(v/v) and washed in ultrapure water.
After sampling of almost 1L of water from the surface
and from depth, the volume was divided into two polyethy-
lene bottles, which are stored in foam boxes with ice. In
the laboratory, one of the bottles was refrigerated up to
4◦C, until determination of the soluble phosphate, within
a time limit of 72h. The second bottle was immediately
used for determining nitrite and then refrigerated at 4◦Cf o r
quantifying nitrate within a time limit of up to 48h [9].
3.2. Procedures of Analyses. A l lp r o c e d u r e sd e s c r i b e db e l o w
were rigorously performed according to standard protocols,
which are applicable to environmental analyses related
Table 1: Dates (month/year) of the water and sediment sampling
campaigns.
Sampling number Water Sediment
1 03/2007 03/2007
2 05/2007 07/2007
3 06/2007 08/2007
4 07/2007 09/2007
5 08/2007 10/2007
6 09/2007 03/2008
7 10/2007 06/2008
8 11/2007 07/2008
9 03/2008 —
10 04/2008 —
11 06/2008 —
12 08/2008 —
13 09/2008 —
to this work. Furthermore, the determination of metals
in all matrices (sediments—pseudototal and exchangeable4 The Scientiﬁc World Journal
fractionsandwater),aswellasthequantiﬁcationofanionsin
water samples, was carried out in routine/research analytical
laboratories subject to constant veriﬁcation of the quality of
results, including the use of certiﬁed materials.
3.2.1. Water. During the thirteen sampling campaigns, 65
surface and 65 deep water samples were analysed. Spec-
trophotometric analyses of the 130 samples were carried out
in triplicates, with analytical blanks. Measurements of pH,
electrical conductivity, dissolved oxygen, and temperature
were done once only, and the two latter quantiﬁcations were
only performed on surface water samples.
Nitrite determination was carried out in accordance with
the Griess method, by means of the reaction of this anion
with sulphanilamide and chlorhydrate of N-(1-naphthyl)-
ethylenediamine (NED), with a further quantiﬁcation at a
maximum wavelength of 543nm and in a buﬀered media
at pH 8.5. For nitrate quantiﬁcation, a procedure of nitrite
reductionwasﬁrstlyadopted; bypercolatingthesamplesand
standards through a 25.00mL burette containing copperized
Cd [9]. After nitrate reduction, the nitrite determination
was realised as previously described. Determination of the
soluble phosphate levels employed the molybdenum blue
spectrophotometric method at a maximum wavelength of
680nm,basedontheammoniummolybdateandorthophos-
phate reaction, in acid medium, catalysed by antimony
potassium tartrate [9]. When necessary, water samples were
submitted to quantitative ﬁltration. Standards for NO2
−,
NO3
−,a n dP O 4
3− were, respectively, obtained in the follow-
ing concentration ranges: 0.05 to 1.0, 1.0 to 10.0, and 1.0
to 5.0mgL−1. These standards were prepared from NaNO2,
NaNO3,a n dK H 2PO4 and the determinations were realised
in triplicates and with analytical blanks.
The pH, temperature, electrical conductivity, and dis-
solved oxygen determinations were made by direct immer-
sion of portable probes after the required calibration proce-
dures.
Total amounts of Cd, Cu, Pb, and Zn were quantiﬁed
in surface water samples collected during July, August,
September, and October of 2007 and March of 2008. For
this purpose, the samples (in triplicate and with analytical
blanks) were submitted to a previous preconcentration of
5X by means of an evaporation step at 60◦C. After that, the
samples were digested with HNO3, according to a standard
procedure [9]. In this procedure, samples with heavy loads
of suspended solids were ﬁltered with quantitative paper and
theﬁlteredfraction(100mL)wastransferredtoerlenmeyers,
covered with watch glasses, which are heated at 100◦Co n
ah o tp l a t e .I nan e x ts t e p ,5m Lo fH N O 3 14molL−1 were
added and the heating was maintained until attaining a
translucid liquid phase, corresponding to volumes of about
10mL. After this, the volume was measured to 100mL
with ultrapure water and stored in polyethylene bottles,
refrigerated at 4◦C until FAAS analyses.
The sample residual acidity was determined and used
for normalising the metal standard solutions acidity in
order to avoid diﬀerences in viscosity. The standards were
prepared from individual stock solutions (at 1000mgL−1)
in the following concentration ranges (in mgL−1): 0.1 to 1.0
(Cd),0.5to10.0(Pb),and0.5to5.0(CuandZn).Theacidity
correction and concentration ranges of the standards were
also maintained for quantifying Cd, Cu, Pb, and Zn in the
sediments as described below.
3.2.2. Sediments. Sediments were sampled at the riverside,
in each one of the ﬁve sampling sites speciﬁed in Figure 1,
totalling 40 samples during the eight months of monitoring.
Sampling was manually conducted; sediments were stored
in plastic bags and placed in a foam box with ice. In the
laboratory, samples were dried in a stove at 80◦C, until
reaching a constant mass and sieved in a 0.053mm mesh
sieveinordertodeterminetheexchangeableandpseudototal
concentrations of Cd, Cu, Pb, and Zn.
Extractions of the exchangeable amounts of Cd, Cu,
Pb, and Zn in the sediments collected during the eight
sampling campaigns were completed in 5 replicates, also
with analytical blanks. For this, almost 1g of previously
dried sediment (0.053mm) was agitated with 20.00mL of
H C ls o l u t i o na t0 . 1 m o l L −1 (200rpm), for 2 hours [10],
a n da tr o o mt e m p e r a t u r eo fa r o u n d2 8 ◦C. After agitation,
supernatants were ﬁltered and transferred to previously
decontaminated polyethylene bottles, which are refrigerated
(4◦C) for posterior ICP OES analyses.
Sediments collected during the sampling campaigns of
09/2007, 03/2008, 06/2008, and 07/2008 were also submitted
to quantiﬁcation of the pseudototal amounts of Cd, Cu, Pb,
and Zn, also in 5 replicates and with analytical blanks. The
method described by the Environmental Protection Agency
and previously cited [10] was used. Thus, 500mg of the
samples were placed in digestor tubes, then 15mL of HNO3
14molL−1 were added. After a 12h inactive period, tubes
were heated at 160◦C for 4h, with a further addition of
8mL of H 2O2 30%(v/v), maintaining the temperature at
160◦Cfor30moreminutes.Then,thedigestedproductswere
ﬁltered for separating silica; they were also adjusted with
ultrapure water to obtain 50.00mL and refrigerated at 4◦C
until FAAS analyses.
Sediments sampled in 03/2007 were heated (triplicates)
in a furnace at 550◦C for 4h, and the mass diﬀerence was
used to calculate the total concentration of organic matter
[2]. Clay percentages of these samples were obtained by the
combined sieving procedure recommended by the Brazilian
TechnicalStandardsAssociation(ABNT,inPortuguese)[11].
For X-ray diﬀraction, the sediment sample collected in
03/2007(point3)wasused.Thissamplewasﬁrstlysubmitted
to granulometric fractioning [11] in order to obtain the silt
fraction. In a next step, this fraction was exposed to X-
rays (radiation Co-Kα, λ = 1.79026 ˚ A) with the 2θ angles
varying within 5 to 50◦. The applied voltage and current
were 40kV and 30mA, respectively. In order to identify
functional groups, the sediment obtained from sampling
point 5 (03/2007) was characterised by Fourier transform IR
spectroscopy using KBr discs and varying the spectral range
from4,000to400cm−1.Infraredanalysiswasalsomadewith
impregnated sediments, where 2.0g of the sample collected
at point 5 (03/2007) were mechanically agitated (200rpm)
with 50.00mL of cadmium and lead solutions at 10mgL−1
and at pH 6.0, for 2h. In a next step, supernatants wereThe Scientiﬁc World Journal 5
dischargedandthesedimentwasheatedat60◦Cfor24hwith
posterior infrared analysis [12].
For electron microscopy, sediment collected at point 5
(03/2007) was covered with a thin layer of gold and an
electron acceleration voltage of 20kV was applied. Thermo-
gravimetry of this same sample was performed by heating
sediment particles from 25◦C to 1,000◦Ca t1 0 ◦Cmin −1,i n
an oxidant atmosphere.
4. Results andDiscussion
4.1. Water Analyses. Table 2 contains the results of physical-
chemical parameters of water samples.
The average temperature distribution during the 13
sampling campaigns (Figure 2) was consistent with the
expected seasonal variations for humid tropical regions. The
deviations were calculated by considering all of the thirteen
resultsobtainedforeachsamplingpoint.Thesamereasoning
was also applied to the deviations shown in Figures 3(a),
3(b),a n d5.
As shown in Table 2 and Figures 3(a) and 3(b) (average
values), the vast majority of the 130 pH results from surface
and deep samples was found in the range established by
the National Environment Council (6.0 to 9.0), resolution
number357[13].ThenormalityinthepHshowstheabsence
of signiﬁcant sources of acidic or alkaline compounds in
the evaluated area, or immediately upstream thereof. In
addition, the volume of water ﬂowing through the ﬁve
sampling points seems high enough to dilute any punctual
pollution source able to modify the natural conditions of
pH.
Electrical conductivity levels found in diﬀerent river
mouthscanonlybecomparediftheseareasbelongtoregions
with similar climatic and geographical characteristics. In
this context, the conductivities reported in this study were
compared with those of the Formoso River mouth [14]
in Pernambuco, another state of northeastern Brazil. The
mouth of this river had conductivities of up to 45.0mScm−1
at the points closest to the ocean, which is similar to points 1
and 2 (Figure 1).
At the mouth of the Jacu´ ıpe River, a tendency towards a
decrease in electrical conductivity after the ﬁrst sampling site
was observed in most cases. Moreover, signiﬁcant diﬀerences
between the conductivity of surface and deep samples were
not identiﬁed and, when present, such diﬀerences occurred
at points 1 and/or 2, as can be exempliﬁed by the samples
collected in 08/2008. This behaviour is explained by the
higher density of seawater and its incomplete mixture with
freshwater. Figure 4 illustrates the trend for a single collec-
tion (07/2007) that reﬂects the general behaviour observed
throughout this work, that is, a steep drop in electrical
conductivity after the ﬁrst sampling site and the similarity
between surface and deep water.
Still in comparative terms, Silva et al. (2010) [15]
recorded a large amount of data on electrical conductivity at
the S˜ ao Francisco River’s mouth, one of the most important
in northeastern Brazil. When compared to the mouth of
the Jacu´ ıpe River, the electrical conductivity values were
signiﬁcantly higher in the mouth of the S˜ ao Francisco River,
12345
15
18
21
24
27
30
33
Sampling points
A
v
e
r
a
g
e
 
t
e
m
p
e
r
a
t
u
r
e
 
v
a
l
u
e
s
 
(
◦
C
)
Figure 2: Average water temperature for all of the sampling points.
as a result of numerous saline ﬂows along much of its
watershed, such as those originating from farming activities.
All the levels of dissolved oxygen throughout the 5
sampling points were above the minimum required by
Brazilian environmental legislation, which is 5.0mgL−1 for
Class 2 water [13]. This result is related to reduced levels
of biodegradable material [5] and/or high local rate of
reoxygenation. This last statement is based on the high
incidenceofsunlightandlowturbidity(visualobservations),
which appreciably favours photosynthesis. The average levels
of dissolved oxygen during the sampling campaigns and at
various collection points are illustrated in Figure 5.
The N-NO2
− and N-NO3
− (Table 3) concentrations also
agreed, for most samples, with the National Environment
Council [13], resolution number 357, which establishes the
maximum limits of 1.0 and 10.0mgL−1,r e s p e c t i v e l y ,f o r
nitrite and nitrate in Class 2 water. These results are coherent
with the considerations of low levels of biodegradable
organic matter, given that these two anions may be derived
from the aerobic decomposition of nitrogenated molecules.
The weathering of rocks, soil leaching, and/or erosion are
also responsible for the addition of NO3
− to the river
and consequently estuary environments [8], the two latter
sources being of great importance to rivers in areas with
intense agricultural activities. From the results obtained, it
can be concluded that neither of the possible introductory
sources mentioned above was important enough to promote
theaccumulationofnitrateintheinvestigatedestuarinearea.
The phosphate comprises another anion of great impor-
tance for assessing the quality of an aquatic ecosystem, as
it can be responsible for eutrophication, along with nitrate
[1]. According to Table 3, only two samples had soluble
phosphate levels above the maximum allowed by Brazilian
environmental legislation [13], which is 0.15mgL−1 for
Class 2 water. In addition to the natural weathering process
of rocks and anthropic inorganic fertilizers, phosphate is
predominantly introduced into bodies of water through
domestic and industrial discharges containing synthetic6 The Scientiﬁc World Journal
Table 2: Physical-chemical parameters of water collected in the Jacu´ ıpe River’s estuary.
Date (sampling) Point Temperature (◦C) pH Conductivity (mScm−1)D O ( m g L −1)
SS D S D S
03/2007 (1)
1 29.3 7.79 7.89 40.60 40.00 5.5
2 27.2 7.12 7.88 10.20 39.90 7.8
3 28.6 6.73 6.82 1.46 1.57 8.6
4 28.4 6.77 6.88 0.20 0.21 8.8
5 28.1 6.79 6.94 0.12 0.12 9.6
05/2007 (2)
1 28.5 7.45 7.24 7.45 2.52 6.3
2 27.0 7.32 7.20 3.24 1.90 7.5
3 27.6 7.22 7.24 1.22 0.62 8.4
4 26.8 7.14 7.20 0.21 0.21 8.6
5 27.2 7.19 7.25 0.22 0.18 8.6
06/2007 (3)
1 27.2 7.30 7.10 1.33 0.74 3.9
2 26.6 6.80 7.00 0.93 0.43 7.6
3 30.1 6.80 7.00 0.36 0.28 4.9
4 27.5 7.20 7.20 0.16 0.17 5.1
5 28.4 7.00 7.00 0.16 0.16 8.0
07/2007 (4)
1 28.2 6.00 6.20 6.92 7.64 8.3
2 26.7 6.30 6.40 4.43 5.21 8.8
3 26.5 7.00 7.10 0.97 1.21 7.6
4 26.6 7.80 7.70 0.17 0.14 6.0
5 27.5 8.00 7.80 0.13 0.18 9.1
08/2007 (5)
1 27.5 5.60 6.20 43.00 43.00 8.9
2 26.8 7.30 6.70 1.20 39.40 9.4
3 26.4 7.00 6.70 19.56 19.74 8.5
4 27.3 7.10 7.20 6.93 9.85 8.2
5 27.0 7.10 6.90 7.95 15.49 6.9
09/2007 (6)
1 26.0 7.43 7.35 22.20 22.10 8.8
2 25.6 7.19 7.20 17.11 17.21 7.5
3 26.5 6.87 6.79 5.68 6.14 9.3
4 27.8 6.60 6.56 0.45 0.47 9.6
5 26.8 6.50 6.60 0.38 0.40 8.7
10/2007 (7)
1 28.2 6.00 6.70 29.00 30.90 7.2
2 27.3 7.30 7.00 17.19 29.50 7.9
3 28.2 6.90 6.90 16.79 23.50 7.4
4 28.0 7.10 6.80 4.28 6.83 7.7
5 27.5 7.10 6.90 3.64 4.97 8.1
11/2007 (8)
1 27.7 7.90 7.90 48.60 48.50 7.9
2 28.1 8.00 8.10 46.80 47.40 6.5
3 28.4 8.00 8.10 41.30 42.80 7.1
4 27.9 8.00 8.00 0.20 0.21 7.0
5 27.9 7.90 7.90 0.12 0.12 6.8
03/2008 (9)
1 28.4 7.37 7.36 48.60 48.50 7.9
2 29.4 7.39 7.28 46.80 47.40 6.5
3 29.6 7.21 7.36 41.30 42.80 7.1
4 28.7 6.73 6.87 0.20 0.21 7.0
5 29.3 6.67 6.89 0.12 0.12 6.8
04/2008 (10)
1 28.5 7.48 7.62 41.60 42.80 6.4
2 29.0 7.66 7.69 16.10 38.90 8.8
3 29.1 7.59 7.46 1.53 1.83 8.1
4 29.0 7.80 7.57 0.28 0.32 6.1
5 29.3 7.50 7.31 0.14 0.15 6.1The Scientiﬁc World Journal 7
Table 2: Continued.
Date (sampling) Point Temperature (◦C) pH Conductivity (mScm−1)D O ( m g L −1)
SS D S D S
06/2008 (11)
1 27.8 7.87 7.68 35.20 35.00 8.4
2 28.1 7.45 7.70 5.87 32.70 7.2
3 28.7 7.30 7.60 21,70 32.20 6.9
4 28.2 7.21 7.03 8.47 9.51 8.0
5 28.5 6.90 6.98 6.63 8.87 7.0
08/2008 (12)
1 25.1 7.54 7.64 3.80 36.80 8.4
2 24.6 7.51 7.47 9.16 35.40 8.2
3 23.7 7.15 7.28 31.00 33,90 8.5
4 22.7 6.76 7.42 25.00 37.30 8.7
5 22.7 6.76 7.15 24.50 30.20 8.7
09/2008 (13)
1 26.4 7.90 7.97 27.40 27.40 8.0
2 26.6 7.74 7.81 22.00 22.10 8.5
3 26.7 7.40 7.40 9.85 9.95 8.5
4 26.4 7.14 7.05 0.49 0.55 8.0
5 26.3 7.06 7.03 0.38 0.41 7.9
S: surface and D: deep.
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Figure 3: (a) Average pH (surface water) for all of the sampling points. (b) Average pH (deep water) for all of the sampling points.
detergents [1]. Thus, the normality in P-PO4
3− concentra-
tions (Table 3) reinforces the absence of signiﬁcant volumes
of domestic discharges in the studied area, as well as in the
nearbyareasupstream.Itisworthmentioning that,although
there is a large industrial complex approximately 20km from
theassessedarea(Figure 1),thereisnoevidenceofphosphate
pollution from this industrial conglomerate.
For the three quantiﬁed anions (NO2
−,N O 3
−,a n d
PO4
3−), the averages of surface and deep samples were
similar over the entire sampling period, and the dispersions
between them were also relatively close. This trend towards
uniformity in concentrations of dissolved ionic species can
be explained by the absence of localised points of evictions
beyond homogenization promoted by the river’s ﬂow and
current. Figure 6 illustrates the general behaviour observed
for the anions between surface and deep samples. For the
sake of simplicity, only the concentrations of soluble phos-
phate in one sampling campaign (07/2007) were considered.
All samples of surface water collected from 5 sampling
campaigns (July to October of 2007 and March of 2008)
revealed levels of cadmium, copper, lead, and zinc below
themethod’sdetectionlimit:0.001(Cd);0.01(Cu);0.01(Pb);
0.1(Zn) mgL−1, which are lower than the maximum allowed
by Brazilian environmental legislation [13]. This result
suggests the absence of discharges containing high concen-
trations of Cd(II), Cu(II), Pb(II), and Zn(II) during the
cited samplings. However, it should be emphasised that the
analysis of water only provides a momentary panorama of8 The Scientiﬁc World Journal
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of 2007.
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Figure 5: Average dissolved oxygen concentrations (surface water)
for all of the sampling points.
the river’s environmental condition, and these results should
be correlated with other parameters, such as morphological
and chemical characteristics of the sediments.
4.2. Sediment Analyses. Table 4 contains the exchangeable
concentrations of cadmium, lead, copper, and zinc in the
sediment samples.
F o rc a d m i u m ,e x c h a n g e a b l el e v e l si ns o m es a m p l e sw e r e
found to be very close to the maximum recommended [16],
which is 1.0mgkg−1. Although this metal has been identiﬁed
in a small number of samples, indications of buildup causes
concern due to its high toxicity and because these sediment
samples are surface, suggesting recent sedimentation. The
retention of alarming exchangeable levels of cadmium may
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Figure 6: Soluble phosphate concentrations in water samples
collected in July of 2007.
be related to the leaching of soil particles containing certain
types of fungicides employed in agriculture. This argument
is valid because the sediments presenting cadmium buildup
were collected during the rainy season, a period in which
erosion and leaching are often observed.
Although the presence of lead is equally troubling, all of
theexchangeableconcentrationsencounteredwerebelowthe
maximum recommended [16], which is 132.0mgkg−1.L e a d
was detected at diverse periods of the year relating to rain
occurrence, and this variability hiders the association with
transport mechanisms through soil leaching and/or erosion,
as discussed for cadmium. According to Bowen (1979) [17]
and Cox (1997) [18], the relative position of lead (36th) in
the Earth crust far exceeds that of cadmium (65th), and this
may explain naturally larger buildups of lead in geological
matrices such as rock fragments, minerals, and soils that
ultimately compose the sediments.
DespitetheindustrialdevelopmentpresentintheJacu´ ıpe
River’s estuary and widespread use of copper and zinc, the
exchangeable concentration of both metals in sediments
did not exceed the maximum recommended limits of 73
(Cu) and 145 (Zn) mgkg−1 [16]. Thus, the levels found in
sediments can be attributed in a large part to the ample
distribution of both metals in the earth’s crust: 24th and
25th position for Cu and Zn, respectively [19]. Although
the Capivara Pequeno River has been inﬂuenced by the
operation of a copper ore processing plant for several years,
the sediments collected at point 2 (where this river ﬂows
into the Jacu´ ıpe River—Figure 1) did not present alarming
exchangeable levels of this element.
The pseudototal levels of Cd, Cu, Pb, and Zn in some of
the estuarine sediments are listed in Table 5. Although the
pseudototal fractions have only been quantiﬁed in sediments
collected in some few sampling campaigns, it was possible
to observe an evident diﬀerence between the pseudototalThe Scientiﬁc World Journal 9
Table 3:Concentrations(mgL−1)ofnitrite(N-NO2
−),nitrate(N-NO3
−),andsolublephosphate(P-PO4
3−)inwatersamplescollectedfrom
the Jacu´ ıpe River’s estuary, n = 3∗.
Date (sampling) Point Nitrite (N-NO2
−) Nitrate (N-NO3
−) Phosphate (P-PO4
3−)∗∗
SD S D S D
03/2007 (1)
1 <0.004∗∗∗ <0.004 0.03 0.09 <0.02∗ <0.02∗
20 . 0 2 <0.004 0.07 0.07 <0.02 <0.02
3 0.01 0.02 0.07 0.06 <0.02 <0.02
4 0.02 0.03 0.07 0.04 <0.02 <0.02
5 0.02 0.02 0.06 0.05 <0.02 <0.02
05/2007 (2)
1 0.01 0.01 0.12 0.12 0.09 0.12
2 0.01 0.01 0.05 0.12 0.08 0.11
3 0.01 0.02 0.11 0.13 0.11 0.09
4 0.01 0.01 0.13 0.15 0.03 0.03
5 0.02 0.01 0.10 0.14 0.08 0.03
06/2007 (3)
1 0.01 0.02 0.11 0.09 0.11 0.14
2 0.01 0.02 0.09 0.09 0.09 0.14
3 0.03 0.02 0.09 0.10 0.16 0.16
4 0.02 0.01 0.10 0.09 0.14 0.14
5 0.02 0.01 0.10 0.10 0.13 0.14
07/2007 (4)
1 0.01 0.01 0.07 0.09 0.06 0.07
2 0.01 0.01 0.06 0.09 0.09 0.09
3 0.01 0.01 0.06 0.09 0.09 0.09
4 0.01 0.01 0.15 0.12 0.05 0.05
5 0.01 0.01 0.13 0.15 0.04 0.05
08/2007 (5)
1 <0.004 <0.004 0.07 0.05 0.16 0.09
2 <0.004 <0.004 0.06 0.05 0.06 0.08
3 < 0.004 <0.004 0.06 0.05 0.10 0.12
4 0.01 0.01 0.09 0.05 0.10 0.13
5 0.01 0.01 0.08 0.07 0.15 0.10
09/2007 (6)
1 <0.004 <0.004 0.13 0.11 0.06 0.06
2 <0.004 0.01 0.21 0.12 0.08 0.07
3 0.01 0.01 0.14 0.14 0.08 0.08
4 0.01 0.01 0.11 0.10 0.05 0.21
5 0.01 0.01 0.12 0.10 0.04 0.04
10/2007 (7)
1 <0.004 <0.004 0.01 0.09 0.22 0.06
2 <0.004 <0.004 0.06 0.09 0.04 0.08
3 <0.004 0.01 0.07 0.08 0.06 0.09
4 0.01 0.01 0.05 0.09 0.06 0.06
5 0.01 0.01 0.07 0.10 0.06 0.06
11/2007 (8)
1 0.011 0.015 0.11 0.10 0.12 0.12
2 0.015 0.011 0.10 0.11 0.12 0.14
3 0.012 0.013 0.11 0.12 0.13 0.13
4 0.015 0.015 0.11 0.10 0.10 0.15
5 0.016 0.015 0.11 0.11 0.12 0.13
03/2008 (9)
1 <0.004∗∗∗ <0.004 0.07 0.09 0.02 0.03
2 0.005 0.01 0.08 0.09 0.03 0.03
3 0.005 0.01 0.08 0.10 0.05 0.04
4 0.01 0.01 0.10 0.12 0.03 0.03
5 0.01 0.01 0.09 0.08 0.03 0.03
04/2008 (10)
1 <0.004 <0.004 0.07 0.08 0.03 0.02
2 <0.004 <0.004 0.07 0.14 0.04 <0.02∗
3 0.01 0.01 0.30 0.32 0.09 0.05
4 0.01 0.01 0.20 0.33 0.04 0.03
5 0.01 0.01 0.20 0.24 0.04 0.0310 The Scientiﬁc World Journal
Table 3: Continued.
Date (sampling) Point Nitrite (N-NO2
−) Nitrate (N-NO3
−) Phosphate (P-PO4
3−)∗∗
SD S DS D
06/2008 (11)
1 <0.04 <0.004 0.12 0.01 0.03 0.03
2 <0.004 <0.004 0.09 0.09 <0.02 0.04
3 0.008 0.010 0.09 0.10 0.07 0.05
4 0.005 0.01 0.01 0.09 0.03 0.03
5 0.010 0.02 0.09 0.09 0.03 0.03
08/2008 (12)
1 <0.004 <0.004 0.07 0.10 0.03 0.04
2 <0.004 <0.004 0.09 0.14 <0.02 0.05
3 0.01 0.013 0.07 0.09 0.07 0.06
4 0.008 0.01 0.10 0.10 0.04 0.03
5 0.010 0.01 0.08 0.08 0.02 0.08
09/2008 (13)
1 <0.004 <0.004 0.08 0.09 0.03 0.03
2 <0.004 <0.004 0.01 0.10 0.03 <0.02
3 0.01 0.01 0.13 0.10 0.03 <0.02
4 0.01 0.01 0.11 0.09 0.03 0.03
5 0.01 0.01 0.10 0.10 0.03 0.04
S: surface and D: deep. ∗In order to simply the data exposition, the relative standard deviations were omitted, but all of these values were smaller than 10%.
∗∗Soluble phosphate. ∗∗∗Limit of detection as 3σ [24].
Table 4: Exchangeable concentrations of Cd, Cu, Pb, and Zn (mgkg−1) in sediments collected from the Jacu´ ıpe River’s estuary, n = 5.
Date (sampling) Point Cd Cu Pb Zn
03/2007 (1)
1 <0.05∗ 10,1 ±1.0 <5.0∗ <1.3∗
2 <0.05 16.2 ±0.7 <5.0 4.8 ±0.2
3 <0.05 13.9 ±0.8 <5.0 29.2 ±1.0
4 <0.05 8.6 ±0.3 <5.0 43.7 ±0.2
5 <0.05 8.7 ±0.7 <5.0 23.1 ±1.2
07/2007 (2)
11 .1 ±0.04 2.4 ±0.03 <5.0 <1.3
21 .1 ±0.01 2.5 ±0.02 <5.0 4.7 ±0.2
31 .2 ±0.01 15.9 ±0.1 <5.0 26.4 ±0.1
41 .1 ±0.01 44.6 ±0.4 <5.0 43.4 ±0.1
51 .3 ±0.03 10.8 ±0.2 <5.0 17.8 ±1.4
08/2007 (3)
11 .2 ±0.01 2.2 ±0.03 <5.0 4.0 ±0.1
21 .1 ±0.01 2.1 ±0.04 <5.0 2.0 ± 0.04
31 .2 ±0.01 2.1 ±0.02 <5.0 2.5 ± 0.05
41 .2 ±0.02 4.2 ±0.2 <5.0 6.0 ±0.2
51 .1 ±0.01 11.1 ±0.4 <5.0 <1.3
09/2007 (4)
1 <0.05 2.3 ±0.03 <5.0 3.1 ±0.1
2 <0.05 2.4 ±0.1 <5.0 <1.3
3 <0.05 5.4 ±0.04 <5.0 19.9 ±0.1
4 <0.05 6.5 ±0.2 <5.0 17.2 ±0.2
5 <0.05 5.8 ±0.1 <5.0 12.3 ±0.3
10/2007 (5)
1 <0.05 <1.3∗ <5.0 <1.3
2 <0.05 <1.3 33.4 ±4.0 <1.3
3 <0.05 4.6 ±0.2 <5.0 21.0 ±0.2
4 <0.05 6.1 ±0.22 2 .8 ±0.81 9 .3 ±1.0
5 <0.05 3.4 ±0.31 2 .2 ±1.5 <1.3
∗Limit of detection as 3σ [24].The Scientiﬁc World Journal 11
and exchangeable levels of cadmium, copper, and lead. This
behaviour can be attributed to the aﬃnity of Cd(II), Cu(II),
and Pb(II) with mineral (notably clays) and/or organic
components of the sediment particles. On the other hand,
this diﬀerence was not so evident for zinc, indicating its
lower aﬃnity with the components already mentioned. In
general, higher pseudototal levels of copper were observed
at sampling point 2, exactly at the conﬂuence of the Jacu´ ıpe
and Capivara Pequeno Rivers. As discussed earlier, this last
river received wastes from a copper processing plant.
Thediﬀerencesobservedinmetalretentionsonsediment
particles can be partially explained by charge’s density of
the analytes. Lead ions have the smallest hydrated radius (or
highest charge’s density) among the other metallic ions, thus
showing great adsorptive fostering related to electrostatic
retentions. Contrarily, zinc ions present the highest hydrated
radius and smallest charge’s density, thus justifying its low
aﬃnity by the adsorptive sites. For cadmium and copper,
intermediate characteristics are observed. Despite consider-
ations about occurrence of electrostatic forces, retentions
of the four analytes by speciﬁc interactions (e.g., chemical
bounds) cannot be disregarded.
From an environmental point of view, a reasonable
diﬀerence between exchangeable and pseudototal levels is
important, because it indicates that an expressive portion of
metals will not be assimilate by the local biota, considering
only the natural conditions of water bodies. This statement
is true, because the metals belonging to the pseudototal
fractionaremoreeﬀectively(orlessreversibly)retainedsince
they form, for example, very stable complexes with humiﬁed
organic matter. Nevertheless, benthic organisms ingest sed-
iment particles and they can be directly contaminated with
spillover eﬀects for the entire food chain.
Sarkar et al. (2004) [20] assessed the pseudototal con-
centrations of Cd, Cu, Pb, and Zn, among other metals,
also in surface layers of estuarine sediments collected in
northeasternIndia. In thatstudy, the authorsused extraction
with aqua regia, and the following results were obtained:
Cd (0.1 to 0.2mgkg−1), Cu (21.5 to 64.1mgkg−1), Pb (13.7
to 24.9mgkg−1), and Zn (26.0 to 162mgkg−1). These data
were considerably lower than those obtained in this work
for cadmium, moderately lower compared to copper and
lead, and higher than those recorded for zinc. Given that
the investigations [20] were conducted in an area highly
impacted by diverse industrial activities, the pseudototal
concentrations found in the estuarine sediments of the
Jacu´ ıpe River are troubling. Despite these relatively high
pseudototal concentrations found in the Jacu´ ıpe River’s
sediments, it should be noted that all the results in Table 5
are smaller than the maximum permissible levels for Cd, Pb,
and Zn (mgkg−1): 30, 4800, and 620, respectively [16]. For
copper, 30% of the results exceeded the maximum level set
for this element, which is 73mgkg−1 [16].
4.3. Structural Characterisation of the Sediments. With the
aimofevaluatingthemineralspresentinestuarinesediments
and relating them to the adsorptive capacity, the sediment
sample collected at point 3 (Figure 1) in 03/2007 was
analysed by X-ray diﬀraction. The choice of the point 3 was
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Figure 7:X-raydiﬀractogramofthesedimentcollectedatsampling
point 3 (March of 2007).
basedonitsgreatercapacityofsedimentation, sincethethird
site is located in an area with almost no slope and slow
water ﬂow. In this sense, a good representativeness of the
localmineralogicalcompositionisexpectedatthispoint.The
diﬀractogram obtained (Figure 7) reveals four predominant
structures; two primary (quartz and feldspar) and two
secondary (illite and kaolinite) minerals. The last two have
a great surface area and are responsible for appreciable
cationic exchange capacity. The attributions of the 2θ angles
were conducted according to information contained in the
equipment database and are listed in Table 6. Due to the
remarkable presence of quartz in the sand fraction of the
sediments, it was necessary to remove sandy particles as
already mentioned. Otherwise, the signals related to quartz
would fade out the peaks of other minerals present in small
amounts. So, X-ray diﬀraction was conducted on the silt
fraction, which also represents the minerals contained in the
clay fraction.
The identiﬁcation of these four major minerals is con-
sistent with the predominant soil types in the area studied,
which are described in Figure 1. These soils have a high
degree of weathering, very distinct pedogenetic origins, and
remarkable diﬀerences in organic matter content, as well as
quality and quantity of clay. According to Figure 1, from the
four major soils of the Jacu´ ıpe River’s estuary, Haplic Gleysol
is predominant at the ﬁve sampling points. This soil is
originated from sandy deposits, thus justifying the expressive
contentsofquartzinthesediments.Thepresenceofkaolinite
and illite is explained by chemical weathering of primary
minerals such as feldspar (KAlSi3O8), which make up the
solid phase of all the soils described in Figure 1. In this sense,
hydrolysis of KAlSi3O8 generates kaolinite (Al2Si2O5(OH)4)
a sc a nb es e e ni n( 1):
2KAlSi3O8(s) +2 H 2CO3(aq) +H 2O(l)
−→ Al2Si2O5(OH)4(s)+4 S iO 2(aq)+2 K +
(aq)+2HCO3
−
(aq).
(1)12 The Scientiﬁc World Journal
Table 5: Pseudototal concentrations of Cd, Cu, Pb, and Zn (mgkg−1) in some sediment samples collected from the Jacu´ ıpe River’s estuary,
n = 5.
Date Point Cd Cu Pb Zn
09/2007
18 .8 ±0.74 2 .5 ±0.91 0 .6 ±0.37 .5 ±0.5
21 4 .9 ±1.1 48,7 ±1,3 22.3 ±1.74 .4 ±0.1
31 3 .4 ±0.93 3 .3 ±1.63 7 .4 ±1.13 0 .3 ±1.1
41 5 .7 ±0.82 7 .3 ±0.53 0 .2 ±0.62 0 .4 ±0.6
51 9 .4 ±0.32 2 .4 ±0.82 7 .9 ±1.41 8 .8 ±0.9
03/2008
11 2 .7 ±0.96 6 .3 ±2.13 6 .2 ±1.36 .3 ±0.2
21 0 .9 ±0.87 1 .9 ±2.72 8 .3 ±0.88 .7 ±0.7
31 1 .1 ±0.78 4 .0 ±3.35 9 .9 ±1.73 4 .4 ±1.2
41 4 .5 ±0.93 9 .5 ±2.03 8 .5 ±1.21 0 .4 ±1.0
51 2 .6 ±0.84 5 .3 ±2.44 8 .3 ±1.01 2 .7 ±0.6
06/2008
15 .7 ±0.18 6 .1 ±0.91 9 .4 ±1.68 .8 ±0.1
21 1 .4 ±0.77 8 .1 ±1.72 8 .1 ±1.16 .1 ±0.4
31 3 .3 ±0.97 7 .2 ±0.86 8 .2 ±2.47 .9 ±0.7
41 4 .7 ±0.25 9 .3 ±1.28 2 .4 ±0.93 5 .7 ±1.7
51 5 .2 ±1.04 2 .9 ±0.74 3 .0 ±1.52 2 .3 ±1.0
07/2008
18 .3 ±0.44 7 .0 ±1.91 4 .3 ±0.41 5 .2 ±0.6
21 1 .3 ±0.96 4 .6 ±3.62 7 .7 ±1.81 1 .3 ±0.9
31 6 .7 ±0.24 1 .1 ±5.23 0 .4 ±1.81 6 .6 ±0.4
41 2 .8 ±1.05 0 .9 ±3.24 4 .8 ±1.51 2 .6 ±0.5
51 3 .9 ±1.05 4 .5 ±2.25 2 .3 ±1.12 2 .8 ±1.3
Table 6:Positions2θ formineralsinthesiltfractionofthesediment
collected at sampling point 3, in March of 2007 [25–27].
Mineral (chemical formula) Positions 2θ
Kaolinite (Al2Si2O5(OH)4) 14.2139 and 28.8365
Feldspar (CaAlSi3O8,K A l S i 3O8 or
NaAlSi3O8,) 31.93
Illite [general formula: Kx(Al2)(Si4−x
Alx)O10 (OH)2] 10.1354 and 20.5040
Quartz (SiO2) 24.1458 and 30.9085
It should be noted that the relation between soil type
and the mineral composition of sediments is valid because
the erosion of the ﬁrst is an important source of particles
in river beds. Notably, the identiﬁcation of kaolinite and
illite plays an important role in the dynamics of retaining
metallic species, due to high surface area and important
adsorptive chemical groups, including hydroxyls [21, 22].
The laminar distance of illite is approximately 10 ˚ A, which is
larger than hydrated ionic radius of all the metallic analytes,
thus oﬀering surface areas able to support eﬀective cationic
exchanges [21].
The clay and organic matter levels of the sediments
sampled in 03/2007 are shown in Table 7. The trace amounts
of clay at sampling points 1 and 2 are justiﬁed by a greater
proximity of the ocean and the subsequent transport of sand
to these points. Thus, the pseudototal contents of metals in
sediments collected from sampling points 1 and 2 are largely
associated with organic constituents. As can be seen in the
infrared spectrum (Figure 8), the presence and interactions
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Figure 8: Infrared spectrum of the sediment sample collected at
point 5 (March of 2007). Black and continous line is related to
sediment not impregnated, while gray and continous line is related
to sediment with Pb.
of diﬀerent chemical organic groups with Cd(II) and Pb(II)
corroborate this assumption.
Figure 8 shows broad bands between 3.500 and
3.000cm−1, which can be ascribed to overlap of
bands concerned with the stretching vibration of N–HThe Scientiﬁc World Journal 13
Table 7:Clayandtotalorganicmatterlevels(%,m/m)ofsediments
collected in March of 2007.
Sampling point Clay content Total organic matter content
(n = 3)
1 ND∗ 1.7 ±0.4
2 ND 2.3 ±0.1
3 8.8 6.7 ±0.2
4 10.7 6.6 ±0.1
5 12.0 7.8 ±0.4
∗Not detected.
bonds from amines and amides as well as alcoholic and
phenolic hydroxyls and carboxylic acids. In the range of
3,000 to 2,850cm−1, the absorption is mainly assigned to the
C–H bond from aliphatic groups. Peaks near 1,640cm−1 can
be ascribed to the C=O bond stretching of carbonyl groups,
while the band in 1,380cm−1 corresponds to stretching
of C–O belonging to phenols. The bands between 1,400
and 500cm−1 can be attributed to vibrations of Si–O–Si
bonds present in silicates, while vibrations of Si–O–Al
are responsible for the bands between 912 and 525cm−1
[23]. When cadmium or lead are present (impregnation
experiments), it is possible to verify important spectral
modiﬁcations both in the intensity and shape of the bands.
Ultimately, these changes indicate associations between
the metallic ions and organic groups. Impregnations
with nickel were not made because the realised tests were
suﬃcient to show similarities between adsorptive sites of the
sediments even considering metals with distinct chemical
characteristics. These results point out for predominance of
nonspeciﬁc adsorption phenomena based on electrostatic
forces.
Thermogravimetric analysis showed organic matter
volatilisation from 100 to 550◦C( Figure 9), thus indicating
organic compounds with distinct thermal stabilities. The
mass stabilisation was attained at temperatures higher than
550◦C, and this behaviour can be attributed to aluminosil-
icates. In turn, the electron micrograph (Figure 10) also
illustrates the natural porosity of the sediment, pointing
to favourable adsorptive conditions and corroborating the
infrared spectrum and thermogravimetric proﬁle.
Infrared, electron microscopy and thermogravimetric
analyses were conducted on the sediment collected at point
5, because of their interesting structural characteristics,
including high contents of clay and total organic matter
(Table 7). However, these characteristics may vary over the
diﬀerent collections and sampling points.
Despite the desirable structural features of the sediments
for metal adsorption, the exchangeable and pseudototal
concentrationsofCd,Cu,Pb,andZnwerewithinthenormal
limits for most samples. This ﬁnding reinforces the absence
of signiﬁcant pollution sources concerned with the evaluated
analytes.
5. Conclusions
Theanalysesofwaterandsediment samplesfromtheJacu´ ıpe
River’s estuary revealed good environmental conditions
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Figure 9: Thermogravimetric proﬁle of the sediment collected at
sampling point 5 (March of 2007).
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Figure 10: Electron micrograph of the sediment collected at sam-
pling point 5 (March of 2007—Magniﬁcation of 1.200×).
in relation to the diﬀerent physical-chemical parameters,
despite the large regional development in terms of popula-
tion growth and industrial diversiﬁcation.
Concerning the water compartment, the nitrite and
nitrate levels point to an absence of signiﬁcant quantities of
biodegradable organic material, and adequate oxygenation
levels also support this conclusion. The normal levels of
solublephosphateindicatethatthereisnoappreciablesource
of waste containing detergents. This last result, along with
normal concentrations of nitrate, shows an aquatic ecosys-
tempreservedfromeutrophication.Itmustbenotedthatthis
environmental panorama was observed, despite increasing
human pressure promoted by real-estate development and
tourism.ThepHparametersandelectricalconductivitywere
also classiﬁed as normal when checked against Brazilian
environmental legislation and other works.
T h er e d u c e dt o t a lc o n c e n t r a t i o n so fC d ( I I ) ,C u ( I I ) ,
Pb(II), and Zn(II) in the water point to an absence of con-
tinuous sources of discharges, especially of industrial origin,
regardless of the proximity to the Camac ¸ari petrochemical
complex.14 The Scientiﬁc World Journal
For the sediments, the mineralogical composition, the
morphological aspect of particles, the infrared spectrum, as
well as the total levels of organic matter helped in elucidating
the sediment’s potential adsorptive capacity. The decrease in
clay levels after the ﬁfth sampling site is consistent with the
geographical characteristics of estuarine areas.
All the samples displayed exchangeable levels of Cd, Cu,
Pb, and Zn well below those established in the literature. The
exception to this behaviour was found in some few results
for cadmium. The presence of higher levels of all four metals
in the pseudototal fraction is coherent with the theoretical
expectations, although most of the pseudototal results are
below the maximum allowable levels.
Finally, this study updated and increased the database on
the environmental quality of the Jacu´ ıpe River Estuary, an
area of great ecological importance to the preservation of
tropical ecosystems on the Brazilian northeastern coast, and
of pronounced economic importance to the Bahia State.
Acknowledgments
The authors would like to thank the Camac ¸ariCivilDefense
for providing the boats for the collections, and the State
University of Bahia Research and Development Center
(CEPED, Camac ¸ari, BA) for the use of their laboratories
for chemical analysis. They would also like to thank the
National Council for Scientiﬁc and Technological Devel-
opment (CNPq, Bras´ ılia, DF, Brazil), the Coordination for
the Improvement of Higher Education Personnel (CAPES,
Bras´ ılia, DF, Brazil), the Research Support Foundation of
the State of Bahia (FAPESB, Salvador, BA, Brazil), and the
Laboratory of Cell Ultrastrucuture Carlos Alberto Redins of
the Federal University of Esp´ ırito Santo (Vit´ oria, ES, Brazil).
References
[1] S. E. Manahan, Environmental Chemistry, Lewis, 6th edition,
1994.
[2] V. C. Ornelas, Diagn´ ostico Ambiental da Regi˜ ao Estuarina do
Rio Jacu´ ıpe e Estudos do Perﬁl Adsortivo de Sedimentos frente ao
Chumbo, dissertation, Universidade do Estado da Bahia, 2008.
[ 3 ] C .P .J o r d ˜ ao, M. G. Pereira, and J. L. Pereira, “Metal
contamination of river waters and sediments from eﬄuents of
kaolin processing in Brazil,” Water, Air, and Soil Pollution, vol.
140, no. 1–4, pp. 119–138, 2002.
[4] C. P. Jord˜ a o ,M .G .P e r e i ra ,C .R .B e ll a t o ,J .L .P e r e i ra ,a n dA .T .
Matos, “Assessment of water systems for contaminants from
domestic and industrial sewages,” Environmental Monitoring
and Assessment, vol. 79, no. 1, pp. 75–100, 2002.
[5] J. E. Fergusson, The Heavy Elements Chemistry, Impact and
Health Eﬀects, Pergamon Press, 1990.
[ 6 ]G .W .V a n L o o na n dS .J .D u ﬀy, Environmental Chemistry—A
Global Perspective, Oxford University Press, Oxford, UK, 2nd
edition, 2005.
[7] G. M. P. Lima, G. C. Lessa, and T. S. Franklin, “Avaliac ¸˜ ao dos
impactos da barragem de Santa Helena no trecho estuarino
do rio Jacu´ ıpe, litoral norte da Bahia–Brasil,” Quaternary and
Environmental Geosciences, vol. 2, pp. 40–54, 2010.
[8] J. Grotzinger and T. H. Jordan, Understanding Earth,W .H .
Freeman, 6th edition, 2010.
[ 9 ]A .E .G r e e m b e r g ,L .S .C l e s c e r i ,a n dA .D .E a t o n ,Standard
Methods for the Examination of Water and Wastewater,A m e r i -
can Public Health Association, 1992.
[10] J. A. O. Cotta, M. O. O. Rezende, and M. R. Piovani,
“Evaluation of metal content in sediments of the Betari River
in the parque estadual tur´ ıstico do Alto Ribeira-PETAR-, S˜ ao
Paulo, Brazil,” Quimica Nova, vol. 29, no. 1, pp. 40–45, 2006.
[11] Solo–An´ alise Granulom´ etrica, NBR 7181, Associac ¸˜ ao Brasileira
de Normas T´ ecnicas, 1984.
[12] A. N. Souza, Perﬁs de retenc ¸˜ ao de amostra de sedimento
ﬂuvial franco arenoso frente aos ´ ıons Cd(II), Ni(II) e Pb(II)
ec o m p a r a c ¸˜ ao de suas caracter´ ısticas adsortivas com material
humiﬁcado, dissertation, Universidade do Estado da Bahia,
2011.
[13] Conselho Nacional do Meio Ambiente, Disp˜ oe sobre a
classiﬁcac ¸˜ ao dos corpos de ´ agua e diretrizes ambientais para o
seu enquadramento, bem como estabelece as condic ¸˜ oes e padr˜ oes
de lanc ¸amento de eﬂuentes, e d´ a outras providˆ encias,R e s o l u c ¸˜ ao
n 357 de 17 de marc ¸o ,C o n s e l h oN a c i o n a ld oM e i oA m b i e n t e ,
2005.
[14] G. S. Silva, V. B. Brito, E. A. Nascimento, and G. M. C. Takaki,
“´ Aguas estuarinas e sustentabilidade social local: um estudo
da pesca artesanal do Camar˜ ao-Branco litopenaeus schimitii
custacea, de capoda, penaeidae, no Estu´ ario do Rio Formoso,
Pernambuco, Brasil,” Revista de Biologia e Ciˆ encias da Terra,
vol. 1, pp. 40–47, 2006.
[15] D. J. Silva, J. D. Galv´ ıncio, and H. R. R. C. Almeida,
“Variabilidade daq de ´ Agua na bacia hidrogr´ aﬁca do Rio
S˜ ao Francisco e atividades antr´ opicas relacionadas,” Qualit@s
Revista Eletrˆ onica, vol. 9, pp. 1–17, 2010.
[16] T. Crommentuijn, D. Sijm, J. De Bruijn, M. Van den Hoop, K.
Van Leeuwen, and E. Van de Plassche, “Maximum permissible
and negligible concentrations for metals and metalloids in the
Netherlands,takingintoaccountbackgroundconcentrations,”
Journal of Environmental Management, vol. 60, no. 2, pp. 121–
143, 2000.
[17] H. J. M. Bowen, Environmental Chemistry of the Elements,
Academic Press, 1979.
[18] P. A. Cox, The Elements on the Earth: Inorganic Chemistry in
the Environment, Oxford University Press, 1997.
[19] J. C. Gonc ¸alves, Tabela Atˆ omica–Um Estudo Completo da
Tabela Peri´ odica,A tˆ omica, 2nd edition, 2003.
[20] S. K. Sarkar, S. Franciskovic-Bilinski, A. Bhattacharya, M.
Saha, and H. Bilinski, “Levels of elements in the surﬁcial
estuarine sediments of the Hugli River, northeast India and
their environmental implications,” Environment International,
vol. 30, no. 8, pp. 1089–1098, 2004.
[21] K. H. Tam, Environmental Soil Science,J o h nW i l e y&S o n s ,
1994.
[22] D. L. Sparks, Environmental Soil Chemistry, Academic Press,
2nd edition, 2003.
[23] J. B. Lambert, H. F. Shurvell, D. A. Lightner, and R. G. Cooks,
Organic Structural Spectroscopy, Prentice-Hall, 1998.
[24] Analytical Methods Committee, “Recommendations for the
deﬁnition, estimation and use of the detection limit,” Analyst,
vol. 112, pp. 119–204, 1987.
[25] J. Lagomarsino, A Pocket Guide to Rocks & Minerals,P a r r a g o n ,
2009.
[26] M. E. Essington, Soil and Water Chemistry–An Integrative
Approach, CRC Press, 2004.
[27] A. C. Pinto, C. H. De Oliveira, and N. M. Ribeiro, “Efeitos de
microondas na estrutura cristalina e na atividade catal´ ıtica de
argilas,” Quimica Nova, vol. 31, no. 3, pp. 562–568, 2008.